Background: There are conflicting data regarding the impact of obesity on postoperative outcomes following radical cystectomy (RC) and how obesity and malnutrition interact in patients undergoing RC. Objective: To evaluate associations of body mass index (BMI), significant preoperative weight loss, and hypoalbuminemia with 30-day complications and mortality after RC. Methods: Review of the American College of Surgeons National Surgical Quality Improvement Program database identified 2,055 patients who underwent RC (2006-12). Univariate and multivariable logistic regression models were developed to assess associations between hypoalbuminemia (<3.5 g/dL), >10% preoperative weight loss, obesity as characterized by BMI (class I: 30-34.9, II: 35-39.9, III: ≥40 kg/m 2 ), and 30-day complications and mortality. Results: The median BMI of the study cohort was 27.82 kg/m 2 with 22.4% classified as having class I, 7.5% class II, and 4.2% class III obesity, respectively. Hypoalbuminemia and >10% weight loss were present in 16.7% and 3.5%, respectively. Among obese patients, 13.4% had hypoalbuminemia. On multivariable analysis, class I (OR 1.43, p = 0.01), class II (OR 1.92, p < 0.001), and class III (OR 2.32, p < 0.001) obesity and hypoalbuminemia (OR 1.47, p = 0.02) were independently associated with 30-day complications, and class III obesity (OR 2.96, p = 0.02) and hypoalbuminemia (OR 2.33, p = 0.03) were independently associated with 30-day mortality. Conclusion: Increasing class of obesity and hypoalbuminemia were independently associated with increased complications following RC. Hypoalbuminemia and class III obesity were associated with early mortality. This study highlights the fact that malnutrition may coexist in obese patients and underscores the need to identify patients with malnutrition who may be candidates for preoperative nutritional optimization.
INTRODUCTION
Radical cystectomy (RC) is the cornerstone of treatment for localized or metastatic muscle-invasive bladder cancer [1] . The association between preoperative malnutrition and greater postoperative complications and short-term mortality following major abdominal surgery is increasingly acknowledged [3] [4] [5] [6] [7] [8] [9] . According to the World Health Organization (WHO) criteria, malnutrition may be characterized by low body mass index (BMI < 18.5 kg/m 2 ) and hypoalbuminemia (<3.5 g/dL) [10] . Severe malnutrition, frailty, and cachexia are also signified by rapid, unintentional weight loss [11] . Within the urologic literature, poor preoperative nutritional status has been demonstrated to be independently associated with inferior oncologic outcomes [10, [12] [13] [14] [15] .
With respect to obesity, as characterized by BMI, however, there are conflicting data regarding the impact of obesity on perioperative and oncologic outcomes following RC. Some authors failed to observe an association between obesity and perioperative morbidity and oncologic outcomes [16] , while others have demonstrated that obesity is associated with increased risk of adverse perioperative and long-term oncologic outcomes [10, 17] . Conversely, other studies have observed that increasing obesity is counterintuitively associated with improved outcomes following surgery, a finding that has been termed "The obesity paradox" [18] [19] [20] . These conflicting reports may be related to the lack of specificity of the BMI measurement, in that it simply represents weight normalized by height and does not reflect true body composition [21] .
Patients undergoing RC are at significant risk for malnutrition due to their age, comorbidities, and disease-related factors [22] . The interaction between obesity and malnutrition and the relative association of these two potentially modifiable risk factors with perioperative outcomes remains to be defined. As such, the objective of this study was to assess the associations between metrics of malnutrition including hypoalbuminemia, significant preoperative weight loss, and classes of obesity as defined by BMI, and 30-day complications and mortality within a contemporary national cohort.
MATERIALS AND METHODS
We queried the American College of Surgeons National Quality Improvement Program (ACS-NSQIP) for all patients who underwent RC between 2006 and 2012. The ACS-NSQIP is a prospectively collected, risk-adjusted, multiinstitutional, national clinical registry database for general, urological, and vascular surgery patients. It includes 135 variables including the outcomes of 30-day complications and mortality following major surgical procedures [23] . This study is exempt from IRB approval, since it uses a publicly available deidentified registry.
RC cases performed between 2006 and 2012 were extracted from the dataset using Current Procedure Terminology codes for RC (51570, 51575, 51580, 51585, 51590, 51595, 51596). To minimize confounding associated with significant other major procedures that would not commonly be performed at the same time as RC, we excluded patients who underwent with multiple synchronous unrelated major procedures in addition to RC.
Preoperative nutrition and obesity-related factors that are available in the ACS-NSQIP dataset included preoperative albumin, weight loss >10% within 6 months prior to surgery and preoperative BMI (categorized as underweight (≥18.5), normal weight (18.5-24.9), overweight (25-29.9), class I (30-34.9), II (35-39.9) , and III (≥40 kg/m 2 obesity). Albumin was dichotomized as greater than or equal to versus below the threshold of 3.5 g/dL [10, [24] [25] [26] ; <3.5 g/dL was classified as hypoalbuminemia.
Clinical, demographic, and treatment-related factors available included age, sex, race/ethnicity, medical comorbidities (including pulmonary comorbidity [dyspnea or chronic obstructive pulmonary disease], heart disease [congestive heart failure, history of myocardial infarction (MI), prior percutaneous catheterization, previous cardiac surgery, history of angina], baseline paralysis, steroid use, requirement for dialysis, history of stroke, peripheral vascular disease requiring revascularization or amputation, presence of ascites, American Society of Anesthesia (ASA) classification, history of substance abuse (smoking, alcohol use), functional status, exposure to preoperative chemotherapy or radiotherapy, and whether or not the patient had disseminated cancer at the time of surgery. Surgical factors included creation of a continent diversion (e.g. Neobladder) and concurrent lymphadenectomy. A subset of the medical comorbidities included in the analysis (history of MI, prior percutaneous catheterization, previous cardiac surgery, history of angina, paralysis, history of stroke, peripheral vascular disease, alcohol use, and chemotherapy or radiotherapy) were not included in NSQIP after 2011 and therefore only available for a subset of our cohort.
Statistical analysis
Continuous features were described with medians (interquartile range [IQR] ). Categorical data were described with numbers (percentages). Chi-square tests assessed differences in hypoalbuminemia and preoperative weight loss by BMI category.
The outcomes of interest included major complications and mortality within 30 days of RC. The major complications reviewed included cardiac arrest, MI, pneumonia, ventilator for >48 hours, unplanned intubation, deep incision surgical site infection, organ space surgical site infection, sepsis, septic shock, deep vein thrombosis, pulmonary embolism, progressive renal insufficiency, acute renal failure, superficial surgical site infection, wound disruption, urinary tract infection, cerebrovascular accident/stroke, coma >24 hours, peripheral nerve injury, return to the operating room, and death.
Univariate and multivariable logistic regression were performed to evaluate associations between clinical, demographic, and surgical factors and the outcomes of interest. The final multivariable models were developed using forward selection of variables independently associated with the outcomes of interest, at the 5% level of significance; BMI category, preoperative weight loss, and hypoalbuminemia were forced to be included in the models. Due to the low prevalence of 30-day mortality, variables for the model of 30-day mortality were further selected based on clinical significance to avoid over-fitting.
Missing values were handled as follows: for descriptive statistics, only the patients for whom the variable was available were included in that variable's distribution. In the univariate and multivariable modeling, for features with a significant number of patients with unknown values, missing data was included as a separate "unknown" category, or if only missing for a small number, was collapsed with the normal category and or excluded for continuous data, as specified in the multivariable tables.
Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary NC). were ASA class III-V and 45 (2.2%) were partially or totally dependent with respect to functional status. Clinical and demographic data for the study cohort is summarized in Table 1 .
RESULTS

A total
Nutritional and obesity-related features of interest (BMI, preoperative albumin level, and preoperative weight loss) are summarized in Table 2 . The median BMI of the study cohort was 27.8 kg/m 2 (IQR 24.4, 31.6), with 457 (22.4%) with class I, 153 (7.5%) with class II, and 85 (4.2%) with class III obesity. In total, 38 (1.9%) met criteria for underweight BMI (≤18.5 kg/m 2 ). Significant (>10%) weight loss in the 6 months preceding surgery was observed in 71 (3.5%). The median preoperative serum albumin was 4.0 g/dL (IQR: 3.6, 4.3; range 1.4-9.7). Of note, albumin was available in 1,237 (60.2%) patients, overall. Among patients for whom albumin was available, hypoalbuminemia was observed in 207 (16.7%) patients. Among patients for whom preoperative albumin was available, hypoalbuminemia was present in 12.2%, 14.4%, and 17.7% of patients with class I, II, and III obesity, respectively. Figure 1A and 1B demonstrates the prevalence of hypoalbuminemia and significant preoperative weight loss, respectively, across BMI classes. Of note, >10% preoperative weight loss was extremely rare, occurring in 2.2%, 1.3%, and 1.2% of patients for class I, II, and III obesity, respectively.
In the study cohort, 705 of 2,055 patients (34.3%) experienced >1 complication within 30 days postoperatively, and a total of 63 (3.1%) died within 30 days of RC. Complications included sepsis and septic shock in 274 (13.3%) patients, respiratory complications (pneumonia, ventilator >48 hours, or reintubation) in 142 (6.9%), return to the operating room in 130 (6.3%), and superficial surgical site infection in 130 (6.3%), and 118 (5.7%) patients developed a deep vein thrombosis or pulmonary embolism. The prevalence of complications by type is detailed in Table 3 . Blood transfusions were administered to 906 patients (44.1%). Excluding bleeding and transfusion, 332 (16.2%) experienced one complication, 180 (8.8%) experienced two complications, and 193 (9.4%) experienced three or more complications.
Univariate and multivariable logistic regression models detailing associations between the nutritional (Table 4A) after adjusting for >10% weight loss, functional status, and dyspnea. With regards to 30-day mortality, class III obesity (OR 2.96, 95%CI 1.18-7.42; p = 0.02) was independently associated with a nearly 3-fold increase in Table 4B .
DISCUSSION
Currently the morbidity after RC remains high, with a 28-64% 90-day complication rate [27, 28] . In this retrospective study, we utilized the NSQIP database to assess associations between increasing classes of obesity, as characterized by BMI, and markers of malnutrition and 30-day morbidity and mortality following RC in 2,055 patients with bladder cancer.
Our study had two main findings, which demonstrated that class I-III obesity and preoperative hypoalbuminemia (<3.5 g/dL) were independently associated with increased risk of moderate-severe complications within 30 days of RC. Additionally, class III obesity and hypoalbuminemia were independently associated with increased rate of mortality within 30 days. The finding that hypoalbuminemia is associated with increased risk of adverse postoperative outcomes is well-supported in the urologic literature. Garg and colleagues conducted a retrospective review of 1,097 patients who underwent RC for bladder cancer between 1992-2005 [26] . After adjusting for both organ-confined disease and age-adjusted comorbidity index, a one-unit increase in preoperative albumin was associated with decreased risk of mortality (OR 0.33, 95%CI 0.14-0.75; p = 0.01) within 90 days of RC. A one-unit increase in preoperative albumin was further associated with a decreased risk of developing a postoperative complication (OR 0.61, 95%CI 0.42-0.90; p = 0.01). Furthermore, Gregg and colleagues demonstrated preoperative nutritional deficiency, defined by hypoalbuminemia (<3.5 g/dL), BMI < 18.5 kg/m 2 or preoperative weight loss > 5%, significantly predicted increased mortality within 90 days of RC (HR 2.91, 95%CI 1.36-6.23; p < 0.01) [24] . In that study, 90-day survival was estimated to be 84.2% (95%CI 75.5-90; p < 0.01) in patients with nutritional deficiency (n = 103) vs. 94.9% (95%CI 92.3-96.6; p < 0.01) in patients with normal nutritional status (n = 431). Mortality within 90 days of RC was 16.5% (n = 17) vs. 5.1% (n = 22), respectively [24] .
Johnson and colleagues similarly interrogated the NSQIP database with the objective of assessing associations between malnutrition, as defined by albumin < 3.5 g/dl, underweight (BMI < 18.5 kg/m 2 ), and significant preoperative weight loss, and 30-day postoperative complications in a cohort of 1,213 patients [10] . After adjusting for age, sex, comorbidities, and year of operation, preoperative hypoalbuminemia (<3.5 g/dL) was the only predictor of developing a postoperative complication (OR 1.79, 95%CI 1.06-3.03; p = 0.03) compared to patients with a preoperative albumin of >3.5 g/dL. These results support the findings of the current study which similarly identified that hypoalbuminemia is independently associated with early complications while no association was observed for significant weight loss or underweight status. However, BMI was treated as a continuous variable. In this study, we evaluated markers of malnutrition including hypoalbuminemia and significant preoperative weight loss in the context of increasing classes of obesity and also assessed the associations between these potentially modifiable risk factors and the outcome of mortality.
There are limitations of the current study that must be acknowledged, primarily related to its retrospective study design and the use of a registry dataset to identify the study cohort. Indeed, limited variables are available when using registry data, and data may also be influenced by abstractor accuracy [31] . The NSQIP database does not include data on clinical staging, which impacts the complexity of the surgery which represents an important potential confounder in a study assessing risk factors for complications [32] . In this cohort, neoadjuvant chemotherapy data was only administered in 11% of the study cohort, which may limit generalizability to current practice where the standard of care is to administer neoadjuvant chemotherapy prior to RC for muscle-invasive bladder cancer. Perhaps the most significant limitation, however, was that serum albumin was only available in 60% of the study cohort as it is not standard of practice, although there is increasing emphasis on characterizing malnutrition in RC patients in the preoperative setting. Patients with missing data for albumin were included as a separate category in the multivariable models. Additionally, one measurement of albumin can be an unreliable indicator of nutritional status as it is an acute phase reactant and can fluctuate with inflammation [33] . Finally, we utilize BMI-based criteria to characterize obesity. However, as previously noted, BMI is nonspecific when assessing for true body composition [21] . As demonstrated by Psutka et al., BMI does not differentiate between excessive adipose tissue and lean muscle mass and may mask severe deficiencies in lean muscularity which has been associated with both decreased survival and increased complications following RC for bladder cancer [21, [33] [34] [35] [36] [37] . Occult paucity of lean muscularity, which is considered to be an extreme representation of cancerassociated malnutrition [3] , is associated with both increased mortality and postoperative complications in the oncologic literature [38, [39] [40] [41] [42] . Interestingly, in the current study, we observed that the prevalence of malnutrition, as characterized by hypoalbuminemia, remained significant among obese patients and increased in prevalence with increasing class of obesity. This finding underscores the importance of ensuring nutritional status is carefully assessed, even among the very obese.
In conclusion, assessment of preoperative nutritional status is imperative when assessing preoperative risk in patients with bladder cancer who are being prepared for RC. An accurate characterization of their overall nutrition, burden of cachexia, and assessment of body composition is important when counseling patients regarding expectations for perioperative complications. It also may inform the selection of patients for intensive nutritional prehabilitation strategies in the time prior to surgery.
In the current study, using a national, prospectively collected registry, we observed that both increasing class of obesity and preoperative hypoalbuminemia are independently associated with increased risk of postoperative complications. Furthermore, class III obesity and hypoalbuminemia are independently associated with increased risk of death within 30 days of surgery. The current study emphasizes prior work regarding the clinical relevance of hypoalbuminemia in the RC patient and may further inform us on the selection of patients who would derive the greatest benefit from intensive preoperative nutritional optimization.
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